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(57) Abstract 

For realising the method of current injec- 
tion an active filter arrangement for filtering har- 
monic current components generated by a nonli- 
near consumer connected to a power system is 
proposed, which comprises a harmonics source 
(8) for injecting current components of predeter- 
mined frequency u^to a bus bar (4) to be filtered, 
coupled with a regulating system (7), a supervis- 
ing system (13), a low-pass filter (9), a series res- 
onance drcuit (10) tuned to a fundamental fre- 
quency determined for a power system and a 
coupling capacitance (12). The essence of the 
proposed filter arrangement lies in its further 
comprising a first current transformer (3) for 
measuring harmonic components of a current fil- 
tered and a second current transformer (5) for 
measuring harmonic components generated by a 
nonlinear consumer (6) to be filtered, the first 
and second current transformers (3, 5) bdng ar- 
ranged by their respective primary terminals 
along the bus bar (4) to be filtered, wherein the 

first current transformer (3) is connected to the supervising system (13) and through this system to the regulating system 
(7), the regulating system (7) is coupled over an input with the current signal output of the second current transformer (5) 
and over an output connected to the harmonics source (8) with the low-pass filter (9) and via the latter with a common 
terminal (11) of the series resonance circuit (10) and the coupling capacitance (12), l^e coupling capacitance (12) being 
connected with a secdon of the bus bar (4) to be filtered, the section being arranged between the primary terminals of the 
first and second current transformers (3, 5). 
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ACTIVE FILTER ARRANGEMENT FOR FILTERING 
HARMONIC CURRENT COMPONENTS GENERATED BY A 
NONLINEAR CONSUMER CONNECTED TO A 
POWER SYSTEM 

5 BACKGROUND OF THE INVENTION 

The invention refers to an active filter arrangement 
for filtering harmonic current components generated by a 
nonlinear consumer connected to a power system, which com- 
prises a harmonics source for injecting current components 

10 of predetermined frequency into a bus bar to be filtered, 
coupled with a regulating system, a supervising system, a 
low-pass filter, a series resonance circuit tuned to a fun- 
damental frequency determined for a power system and a coup- 
ling capacitance. The -active filter arrangement proposed ac- 

15 cording to the invention can be the. basis of .pieces of high 
power equipment for filtering the harmonic current compon- 
nents generated by a nonlinear consurraf and for coirpensat- 
ing the reactive pover noted at fundamental frequency of a 
power system. 

20 In the present years tte most commonly applied method 

of filtering harmonic current components generated by a non- 
linear consumer is based on the principle of the passivity, 
wherein a series R-L-C resonance circuit tuned to a frequen- 
cy value of a current compcanent to be filtered is connected 

25 in parallel with the output of a nonlinear consumer, forming 
thereby low- impedance shunting current ways for the harmonic 
current coirponents. The reactive power required by the non- 
linear consurers is compensated in a designed amount by the 
tuned passive filtering means and this results in consuming 

30 leading current power at the fundam^tal frequency.' 

In the case of harmonic current components vdth quick 
alteration of their amplitude (e.g. the harminc current com- 
ponents produced by rectifying units of driving circuits in 
rolling equipment) the filtering effectivity of the passive 

35 filters deteriorates. Therefore it is common to apply wide- 
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-band passive filters, however, these filters are character- 
ized by high lass level when compared to the narrow-band 
filters. 

By means of passive filters practically it is irapos- 
5 sible to filter the harmonic current components of . variable 
frequency (such components occur e. g. in the asynchronous 
cascade drives, generated fay the stators). A further problem 
linked with the application of the passive filters should be 
seen in the fact that the impedance characterizing the fil- 

10 ters form together with the impedance of the network for po- 
v/er supply of the consumers forms parallel resonance circuit 
means which are capable of artplifying those of the harmonics 
with characteristic order, to which there is no passive fil- 
ter tuned. In this way it is possible that in spite of fil- 

15 terirg the voltage can be distorted in a distinctive manner 
on the noncharacteristic orders with lower amplitude present 
in the current but not undergoing filtering. 

On applying passive filters it should be always taken 
into account that they receive a part of the distortion on 

20 harmonic frequencies being present in the network, therefore 
the filters should be overdimensioned in comparison to their 
designs applicable in case of taking into account the harmo- 
nic current components of the nonlinear -consumer to be fil- 
tered by this filter. 

25 Tte network resonance can not cause any problem, when 

a device for injecting a counterphase current into the net- 
work, which counterphase current shows as high amplitude as 
the current injected by the nonlinear consumer into the net- 
work. For the sake of economy it is desired to have a device 

30 not only injecting the current components, i.e. for harmonic 
filtering but consuming poi>fer of leading current at the fun- 
damental frequency determined for the power system. The main 
advantage of an arrangement of the abovementioned kind would 
be the fact that it can filter the harmonic current compo- 

35 nents and partly or fully compensate the power of lagging 
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currant at the nonlinear consumer. It would be also desired 
to have a device applicable in separation from the nonlinear 
consumer, and especially in an embodiment for harmonic fil- 
tering a higher number of nonlinear consumers. This embodi- 
5 ment should have a form installable also in an existing net- 
work, independently on the consumers settled working earlier 
or later. 

There are known from the literature devices for dimi- 
nishing the harmonic content of a current by injection res- 
10 pective components. The basic principle of actuating the de- 
vices of this kind is called active filtering method. 

BACKGROUND ART 

* Ametani (in PROC. lEE, Vol. 119., No. 7., July 1972, 
pp. 857 to 864) shows a method of diminishing the harnrcnic 

15 content of tte current of a nonlinear ccnsumer, the proposed 
method based on injecting third harmonic of the current over 
the transformer applied for rectifying. The method proposed 
by Baird (in PROC. lEE, Vol. 166 (10), pp. 1730 'to 1734) 
wishes to reach the same object by injecting the undulation 

20 of the rectified current into the transformer applied in the 
rectifying process. The main disadvantage shown by the above 
mentioned known methods is that they are applicable only for 
diminishing the harmonic content of the network current, but 
they are not capable of compensating the reactive power at a 

25 fundamental frequency determined for the power system, ^4ore- 
over, they require rectifying transformers made by specific 
manufacturirg methods. The drawbacks presented above result 
in the fact that these solutions can not find wide use. 

Another method is based on the compensation of the 

30 flux (proposed by Sasaki in PAS, Vol. 90, No. 5., September/ 
/October 1971, pp. 2009 to 2019) by applying the harmonic 
current components on the alternating current side. For fil- 
tering the harmonics Sasaki makes use of a specially con- 
structed four-winding transformer having a secondary wind- 

35 ing for supplying the nonlinear consumer. There are tm fur- 



ther windings for injecting harmonic current components and 
for separating the fundamental frequency current from the 
current generator producing the harmonic components. In this 
method the main drawbacks strongly limiting its propagation 
are the specific transformator construction and the low ef- 
fectivity. Because of the specific transformator construc- 
tion the active filter for filtering the harmonic current 
components is very expensive when realised after the network 
has been settled to work (the transformators of the network 
should be replaced by the new ones, and the acoustic fre- 
quency amplifier applied for generating the harmonic 
current components shows from one side low effectiveness, 
and from other the disadvantage of consuming active power 
from the network, wherein the active power corresponds to 
the apparent power injected at the different harmonics and 
increased according to the effectiveness. 

Another solution has become known under the name 
of Mohan's method (IEEE PES, Winter Meeting, New Ycftk, 
N.Y., January 30 to February 4, 1977: A 77026-8), wherein 
the existing passive filters are completed by means for 
injecting harmonic current components according to the or- 
der of the passive filters. The current injection is rea- 
lised over the passive filters. This method ensures com- 
pensation of the negative influence of the filter's fre- 
quency drift on the filtering coefficience. For improving 
the efficiency of injecting the harmonic current components 
the method proposes the application of a parallel resonance 
circuit tuned to the frequency of the current component to 
be injected, and this parallel resonance circuit is arrang- 
ed between the ground point of the system and the existing 
passive filter. A three-phase current generator for produc- 
ing the. harmonic components is proposed to be arranged con- 
nected to the common terminal of the existing filter and 
the parallel resonance circuit, whereby it is ensured that 
the existing filter connects the harmonic current generator 
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to the network. 

The basic disadvantage of this method should be seen 
in the requirement of application passive filters, specific 
harmonic current generator for each of the harmonics and se- 
5 parate regulating units. The application of Mohan's method 
can be advantageous only in the case vihen rebuilding of the 
existing passive filtering means for a system of higher ef- 
fectiveness is more expensive than the auxiliary application 
of active filtering. A further drawback lies in the fact 
10 that by this solution, it is impossible to avoid the network 
resonance and the other problems closely linked with the 
passive filters (e. g- the load by harmonic currents from 
other ^sources, the high oscillations occuring during filter- 
ing harmonic components of variable amplitudes). 

15 SUMMARY OF THE INVENTION 

The object of the invention is to provide a solution 
for filtering harmonic current components by means which are 
independent in their circuits on the nonlinear consumer (s) 
to be filtered. The proposed means should be connected to 

20 network in a manner that it is a consumer of the leading 
current power at a fundamental frequency determined for the 
network, thus compensating thereby (at least partly) the 
lagging current power taken up by the nonlinear consumerCs) 
to be filtered. 

25 The invention is based on the principle of the active 

filtering requiring injecting the the network current compo- 
nents having the same amplitude as the components to be fil- 
tered but being generated in counterphase. It is a basic re- 
cognition of the invention that it is sufficient to apply 

30 only one harmonics source for generating the resulting har- 
monic current components filtered wherein ^the harmonics 
source is coupled with a regulating system for determining 
and controlling the generating process of the required har- 
monic components having the desired amplitude and phase ac- 

35 cording -to the components to be filtered. 



Hence » an active filter arrangement is proposed for 
filtering harmonic current components generated by a non- 
linear consumer connected to a power system, comprising a 
harmonics source for injecting current components of prede- 
termined frequency into a bus bar to be filtered, coupled 
with a regulating system, a supervising system, a low-pass 
filter, a series resonance circuit tuned to a fundamental 
frequency determined for a power system and a coupling ca- 
pacitance, further comprising according to the invention a 
a first current transformer for measuring harmonic compo- 
nents of a current filtered and a second current transformer 
for measuring harmonic components generated by a nonlinear 
consumer to be filtered, the first and second current trans- 
formers being arranged by their respective primary terminals 
in the bus bar to be filtered, wherein the first current 
transformer is connected to the supervising system and 
through the latter to the regulating system being coupled 
over an input with the current signal output of the second 
current transformer and over an output connected to the har- 
monics source with the lovi-pass filter and via the latter 
with a common terminal of the series resonance circuit and 
the coupling capacitance, the coupling capacitance being 
connected with a section of the bus bar to be filtered, 
the section being arranged between the primary terminals 
of the first and second current transformers. 

In an advantageous entodiment of the proposed active 
filter arrangement the low-pass filter comprises a series 
element including three inductance members, the first of 
them being connected to an output terminal of the harmonics 
source, the third of them being connected to the common ter- 
minal of the series resonance circuit and the coupling capa- 
citance, the common point of the first and second of the in- 
ductance menters is connected to a first terminal of a capa- 
citance merrtoer, the common point of the second and third of 
the inductance menbers is connected to a first terminal of 



of another capacitance menter, wherein the capacitance mem- 
bers are connected by their respective another terminals to 
a line connecting an input terminal of the series resonance 
circuit tuned to the fundamental frequency of the power sys- 
tem with a neutral terminal constituting another output ter- 
minal of the harmonics source. The capacitance members of the 
proposed advantageous entodiment can be constituted either by 
condensers or by respective series members built up with pa- 
rallel resonance circuits, the inductance menters either by 
inductances or by respective parallel members of series reso- 
nance circuits, wherein the resonance circuits are tuned to 
the frequency values of the current components to be filter- 
ed. 

It is proposed to apply a harmonics source consisting 
of a thyrystor inverter, a summator integrator, at least one 
comparator, at least two inverted signal amplifier and at 
least a first and a second monostable multivibrators con- 
trolled by pulse edge, wherein the output of the summator 
integrator is connected through the comparator to the invert- 
ed signal amplifiers and to the first monostable multivibra- 
tor controlled by pulse edge, the output of the first of the 
inverted signal amplifiers is connected to the input of the 
input of the summator integrator, the output of the second 
of the inverted signal amplifiers is coupled to the input of 
the second monostable multivibrator controlled by pulse 
edge, and the outputs of the first and second monostable 
multivibrators are connected with control terminals of the 
thyrystor inverter. 

The active filter arrangement according to the inven- 
tion works -with especially high reliability when prepared 
with a regulating system canprising a band-pass filter tuned 
to the fundamental frequency of the power system, circuits 
for controlling amplitude and phase and a summator ampli- 
fier, wherein the band-pass filter is connected with the in- 
puts of the circuits for controlling amplitude and phase, 
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the circuits for controlling are connected parallel to one 
another and their outputs are coupled with the summator amp- 
lifier. The circuits for controlling amplitude and phase can 
be realised e.g. by means of a band pass filter, a 90° phase 
5 inverter and units for regulating amplitude, wherein the out- 
put of the band-pass filter is connected directly and indi- 
rectly, through the 90° phase inverter to at least one of 
the units for regulating amplitude. The amplitude regulating 
units are built up either by an inverted signal amplifier 

10 and a potentiometer, wherein the input of the amplitude re- 
gulating unit is connected directly and through the inverted 
signal amplifier to the two end terminals of the potentiCHne- 
ter, the middle outlet of which is coupled with the output 
of the amplitude regulating unit, or by digital memory means 

15 connected to a control input and by a series member of a di- 
gital-analogue converter and a resistor arranged between the 
input and output of the amplitude regulating unit and con- 
nected through the converter with the digital memory means of 
the unit, 

20 Hence, the invention proposes an active filter arran- 

gement with a harmonics source, realised advantageously by a 
carrier frequency thyrystor of forced commutation and vari- 
able pulse width, a coupling capacitance connected to the 
power system to be filtered and a series resonance circuit 

25 tuned to the fundamental frequency of the power system, the 
common terminal of the coupling capacitance and the series 
resonance circuit being connected through a low-pass filter 
to the harmonics source* The low-pass filter ensures that 
the attenuation of the harmonic current components to be f il- 

30 tered by minimal and the network to be filtered receive mini- 
mal level carrier frequency current. This minimal level has 
to give minimal disturbing effects. 

The proposed active filter arrangement selects, by 
means of the regulating system, the harmonic current compo- 

35 nents from the current of the nonlinear consumer (s) and rea- 
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the regulation of the width of the pulses generated by the 
harmonics source in a manner that the harmonic current com- 
ponents injected to the network through the coupling capaci- 
tance are in counterphase to the harmonic current components 
5 to be filtered from the current of the nonlinear consumer(s) 
and have the amplitude as high as the mentioned components 
have. 

The supply network impedance and the network frequen- 
cy are commonly subjected to changes resulting in varying 

10 the transfer coefficient of the open loop regulation depict- 
ed above and therefor a supervising system is applied for 
checking the content of harmonic components of the network 
current and the content detected is the basis of controll- 
ing the parameters of the regulating system in order to mi- 

15 nimalize the level of the harmonic current components in 
filtered ranges. 

BRIEF DESCRIPTION OF THE^ORAWINGS 

The invention will be described now in more detail 
by way of preferred embodiments when reference will be made 

20 

to the accompanying drawings* In the drawings 

Figure 1 shows the block diagram of the active filter arran- 
gement proposed by the invention. 

Figure 2 is a proposed errbodiment of a low-pass filter app- 
lied according to the invention, 

Figure 3a is a preferred embodiment of a series resonance 
circuit applied according to the invention, 

Figure 3b is another preferred errbodiment of a series reso- 
nance circuit applied according to the invention, 

Figure 4 shows a preferred realisation of a low-pass filter 
applied according to the invention. 

Figure 5 shows the circuit diagram of a proposed entodiment 
of a harmonics source to be applied in the active 
filter of the invention, 

Figure 6 presents a preferred block diagram of a regulating 

►5 

system applied in the proposed active filter arran- 



gement, 

Figure 7a shows a possible errbodiment of an amplitude regul- 
ating circxiit applied in the regulating system of 
the active filter arrangement of the invention. 

Figure 7b presents another proposed errbodiment of an ampli- 
tude regulating circuit applied in the regulating 
system of the active filter arrangement of the in- 
vention, and 

Figure 8 is a proposed block diagram of the supervising sys- 
tem applied in the active filter arrangement propos- 
ed by the invention, 

DETAILLED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

* The eobodiments shown in Figures 2, 3a, 3b and 4 are 
usually applied in one-phase supply networks, however, on 
the basis of information given below they can be applied 
without specific problems to three-phase networks. 

The proposed active filter arrangement of the inven- 
tion is shown divided into nain blocks in Figure 1. A supply 
network. 1 representing supply network iirpedance 2 is connect- 
ed over primary terminals of a first and a second current 
transformer 3 and 5 to a nonlinear consumer 6. The primary 
terminals of the first and the second current transformers 3, 
5 are arranged in a bus bar 4 to be filtered. The output of 
the first current transformer 3 is coupled with a supervising 
system 13, the output of the second current transformer 5 
with a regulating system 7, the latter having an input coupl- 
ed with the regulating system 13. The output of the regulat- 
ing system 7 is connected with a harmonics source 8 and via 
the latter with a low-pass filter 9. The output of the low- 
-pass filter 9 is connected to a common terminal 11 of a se- 
ries resonance circuit tuned to a fundamental frequency of a 
power system and a coupling capacitance 12. The coupling ca- 
pacitance is connected to the bus bar 4 to be filtered in 
its section lying between the first and second current 
transformers 3, 5. 



The detained description of the regulating system 7, 
harmonics source 8, low-pass filter 9, series resonance cir- 
cuit 10 tuned to the fundamental frequency of the power sys- 
tem and the supervising system 13 will be given therebelow 
with connection with the respective Figures. 

The active filter arrangement shown above with refe- 
rence to Figure 1 operates as follows: 

The second current transformer 5 carries out measure- 
ment of the current components generated by the nonlinear 
consumer 6, The output current signal of the second current 
transformer 5 is forwarded to the regulating system which 
regulates the content of harmonics in the output current of 
the harmonics source 8. The harmonic current components gene- 
rated by the harmonics source 8 are transmitted to the common 
terminal 11 of the coupling capacitance 12 and the series os- 
cillator circuit 10 tuned to the fundamental frequency. The 
current components generated in this way flow into the bus 
bar 4 to be filtered. The filtered current of the nonlinear 
consumer 6 is measured even by the first current transformer 
3, the output current signal of which is the basic signal in 
the closed controlling and regulating loop constituted by 
the supervising systOT 13, the regulating system 7 and the 
connected units. This loop ensures minimal harmonic content 
in the output current of the harmonics source 8 in order to 
work again the changes of the voltage frequency and the impe- 
dance of the supply network 1, 

According to the enbodiment shown in circuit diagram 
of Figure 2 the high power part of the proposed active filter 
arrangement (without connections to the units for regulating 
and controlling) includes the low-pass filter 9, the series 
resonance circuit 10 tuned to the fundamental frequency and 
the coupling capacitance 12, the last two having a common 
terminal denoted by 11. According to the possibility of Fi- 
gure 2, the lov;-pass filter 9 comprises a series element of 
three inductance menters 9a, 9b, 9c and two parallel capaci- 



three inductance merrbers 9a , 9c, 9e and tivo parallel capa- 
citance mentiers 9b, 9d connected to the conmjon points of 
the pairs of the inductance menbers 9a, 9c, 9e arranged in 
series. The three inductance mentoers 9a, 9c, 9e together with 
the attached capacitance menbers 9b, 9d determine a two-stage 
low-pass filter, however, this arrangement is not compulsory: 
the number of the inductance menbers can be two or as high as 
desired. The number of the capacitance meirfaers is generally 
lower with one than the number of the inductance menbers in 
the low-pass filter 9. 

The bus bar 4 to be filtered is connected with the 
coupling capacitance 12, more exactly, with a capacitance 12a 
being •generally a condenser. The common terminal 11 is con- 
nected, with an end terminal of a series member consisting of 
an inductance 10a and a capacitance 10b in the series reso- 
nance circuit 10 tuned to the fundamental frequency of the 
power system. The common terminal 11 is coupled on the other 
side with an end terminal of the inductance menber 9e being 
the last in the series element of the low-pass filter 9. The 
other terminal of this inductance member 9e is connected to 
the common point of the second of the inductance members de- 
noted by 9c and the capacitance meirber 9d- The second induc- 
tance member 9c, being the last but one in a longer series 
element is connected on the other side with a comiron point 
of the next, in this case the first inductance menter 9a and 
the other capacitance member 9b. The inductance member 9a as 
the first one in the series element is connected with the 
terminal 8a of the harmonics source 8. The capacitance mon- 
bers 9b, 9d are with their other terminals connected to a 
line coupling the capacitance 10b with a neutral terminal 8b 
of the harmonics source B. 

In this arrangement the line between the common termi- 
nal 11 and the neutral terminal 8b works at fundamental fre- 
quency practically as a short-circuit because of the series 
resonance circuit 10 comprising the inductance 10a and the 
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capacitance 10b, whereby no netvi/cjrk current of fundamental 
frequency flows into the harncwiics source 3. The inductance 
members 9a, 9c, 9e and the capacitance members 9b, 9d form- 
ing the low-pass filter 9 do not allow the high-frequency 
5 current loops of the harmoiics source 8 to be closed in the 
direction of the bus bar 4 to be filtered, and in the same 
time the harmonic current components to be filtered flow via 
the capacitance 12a into the bus bar 4 to be filtered, they 
are closed over the supply network inpedance 2. The harmonic 

10 current conponents mentioned are characterised with the sane 
anrplitude as the harmonic current conponents to be filtered 
of the nonlinear consumer 6, they flow in counterphase , and 
the resultant of the filtered harmonic current components 
flowing through the supply network impedance 2 has zero or 

15 near zero value. 

The harmonics source 8 can be made in form whether 
of a current generator or of a voltage generator. As shown 
in Figure 2; the inductance members 9a, 9c, 9e and the .in- 
ductance members 9b, 9d can b© made, in form of inductances 

20 and capacitances. 

The effectivity of filtering is generally determin- 
ed by the filtering ratio expressing in the present circuit 
arrangenent the quotient of the current component of given 
harmonic frequency flowing into the bus bar 4 to be filter - 

25 ed to the current of the same frequency leaving the har- 
monics source 8. The lower the filtering ratio the better 
the filtering arrangement, the effectivity of filtering. In 
the active filter arrangement of the invention the applica- 
tion of resonance circuits instead of the inductance mem- 

30 bers 9a, 9c, 9e and capacitance members 9b, 9d can be very 
advantageous for improving the filtering ratio. 

Another possibility of improving the filtering ratio 
is to apply a modified series resonance circuit 10, for ex- 
ample as shown in Figures 3a and 3b. 

35 A series resonance circuit consisting of an indue- 



• 
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tance 101 and a capacitance 111 is inserted between the 
common terminal 11 and the neutral terminal 8b. Parallel to 
this series resonance circuit in three parallel lines there 
are arranged pairs of inductances denoted in Figure 3a by 
102, 103, 104 and capacitances denoted in the same Figure 
by 112, 113, 114, wherein in each parallel line the common 
point of the inductance and the capacitance attached there- 
to is connected to one armature of the capacitance arranged 
in the next line, i.e. the common point of the inductance 
101 and the capacitance 111 is connected to one armature of 
the capacitance 112, the other armature of which, as being 
the common point of this capacitance and the inductance 102 
is coypled with one armature of the capacitance 113, where- 
in the other armature of the last is connected to one arma- 
ture of the capacitance 114. The end terminals of the in- 
ductances 101, 102, 103, 104 are from one side connected to 
the capacitance 111, 112, 113, 114, respectively, and their 
other end terminals are connected together to the common 
terminal 11 and the one armature of a capacitance 115, the 
other armature of which is coupled with the common point 
of the inductance 104 aid capacitance 114. 

The circuit of Figure 3a arranged between the common 
terminal 11 and the. neutral point Sb realises resonance 
conditions for the fundamental frequency current and paral- 
lel resonance conditions in the harmonic orders to be fil- 
tered. The number of the inductances denoted in this Figure 
by 101, 102, 103 and 104 is as high as the number of the 
harmonic components to be filtered. The same effect can be 
reached by a series member which comprises parallel reso- 
nance circuits inserted on the place of the inductance 10a, 0 
whereby it is. possible to realise the series resonance con- 
ditions at the fundamental frequency and the high impedance 
conditions at the frequency values of the harmonic current 
components to be filtered. 

The circuit arrangement of Figure 3a, or the embodi- 
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described above and comprising the series member of paral- 
lel resonance circuits instead instead of the capacitance 
members 9b and 9d is a very advantageous solution in that 
case, when, the harmonics source 8 should constitute a cur- 
5 rent generator. In this embodiment it is possible to have a 
circuit showing low output inpedance for the high frequency 
components, and shunt branches showing high impedance value 
at the harmonic orders to be filtered, hence, the full cur- 
rent of harmonic order to be filtered produced by the har- 

10 monies source 8 have a current way closed through the sup- 
ply network impedance 2, whereby the circuit arrangement of 
the low-pass filter 9 is modified. 

The harmonics source 8 in a voltage generator cir- 
cuit arrangement is realised with a cirucit arrangement in- 

15 eluding the embodiment of Figure 3b having end terminals 

120 and 130 inserted as the end points of the inductance 
members 9a, 9c, 9e of Figure 2. 

The modified circuit arrangement for the replacement 
of the inductance members 9a, 9c, 9e of the low-pass filter 
20 9 shown in Figure 2 will be described with reference to the 
Figure 3b- 

Between the terminals 120 and 130 a series resonance 
circuit consisting of a capacitance 131 and an inductance 

121 is included, wherein ths common point of the mentioned 
25 capacitance 131 and inductance 121 is connected with an end 

terminal of an inductance 122 coupled over a: common point 
with a capacitance 132, the common point being coupled with 
a further inductance 123 connected over another common ter- 
minal with a further capacitance 133. The mentioned common 

30 terminal is connected to a series member comprising an in- 
ductance 124 and a capacitance 134, wherein the connection 
is realised by the end terminal of the inductance 124. The 
armatures of the capacitances 131, 132, 133, 134 being not 
connected to the respective inductance 121, 122, 123, 124 

35 are joined together and coupled with the terminal 130. 
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The similar effect can be ensured by inserting into 
the circuit arrangement of Figure 2 parallel members built 
up viith series resonance circuits tuned to the frequency 
values. characterizing the current components to be filter- 
ed, the parallel members replacing the inductance members 
9a, 9c, 9e. In both embodiments it is realised the harrranic 
source 8 of voltage generator character is actuated at car- 
rier frequency in idle running, and at the same time they 
have low load impedance at the harmonic frequency values of 
the conponents to be filtered. 

The low-pass filter 9 realised by series and paral- 
lel resonance circuits is shown in Figure 4. In this pro- 
posecj embodiment the inductance members 9a, 9c, 9d are re- 
placed by four series resonance circuits tuned to the fre- 
quency values of the harmonic current conponents to be fil- 
tered, the four series resonance circuits are connected in 
parallel, and the capacitance members 9b, 9d are replaced 
by respective series members comprising four' parallel reso- 
nance circuits tuned to the frequsrcy values of the harmo- 
nic current components to be filtered. The series resonance 
circuits ate denoted by 99e, 99f , 99g, 99h and the parallel 
resonance circuits by 99a, 99b, 99c and 99d. 

An advantageous embodiment of the harmonics source 8 
for application in the proposed active filter arrangement 
is shown in Figure 5. The object of the harmonics source 8 
is to provide simultaneously all required harmonic conpo- 
nents necessary for active filtering. The power range char- 
acterizing the circuit arrangements according to the inven- 
tion excludes the application of linear amplifier means for 
the object mentioned, because of economic reasons, and this 
is the basis why a thyrystor inverter circuit is proposed, 
as it is usual in this power range. According to the inven- 
tion it is, however, important that the thyrystor inverter 
is connected with a regulating circuit for ensuring that on 
the output of the thyrystor inverter all components be for- 
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warded which appear on the input of the regulating circuit 
and comprise the harmonic frequency current components to 
be filtered. In the harmonics source B an input is applied 
for forwarding control voltage U^. This input is connected 
5 with an input of a summator amplifier 81, realised e.g. in 
an arrangement shov^n in the book of 3. Markus entitled: E- 
lectronic Circuits Manual (McGraw-Hill, New York, 1971) and 
over the summator integrator 81 to an input of a comparator 
82 with hysteresis. The comparator 82 is e. g. a Fairchild 

10 device of yuAF356 type. The output of the comparator 82 is - 
coupled through an inverted signal amplifier 83 in a . f eed- 
-back connection with the summator integrator 81. The out- 
put of the invertaj signal anplif ier 83 is connected to an- 
other input of the comparator 82. The inverted signal am- 

15 plifier can be the same type as the comparator. The output 
of the comparator 82 is connected also to a first monosta- 
ble multivibrator 85 controlled by pulse edge and to an in- 
verted signal amplifier 84. The output of the last is con- 
nected to a second monostable multivibrator 86 controlled 

20 by pulse edge. Both monostable multivibrators 85 and 86 can 

be e.g. the 74LS123 type of TEXAS and the are arranged be- 
fore respective control inputs 87a, 87b of a thyrystor in- 
verter of commonly known design. The output 87c of the thy- 
rystor inverter 87 forwards the necessary harmonic current 

25 components. 

This arrangement works according to the value of the 
control voltage U^. At zero value of the control volta^ 
the output of the comparator 82 forwards a series of square 
wave signals with equal duty factor and frequency higher 

30 than the frequency of the harmonic current components to be 
filtered. The filtering conditions are set by a nonzero va- 
lue of the control voltage. In this case square wave sig- 
nals are generated with asymmetry corresoonding to the al- 
teration of the control voltage U^. The asymmetry means, in 

35 the series of the generated square wave signals have diffe- 
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rent duty factors and spectrum corr^Drisinn the frequency va- 
lues present in the control voltage U^. In the lines shown 
above in connection with Figure 5 the output of the compa- 
rator 82 is forwarded to the input control terminals 87a, ' 
5 BTb of the thyrystor inverter 87 whereby on the output a7c 

high power output signals can be obtained • The output sig- 
nals comprise the harmonic signals present in the control 
voltage and necessary for active filtering of the harmo- 
nic current components • 

10 The output signal of the harmonics source 8 is for- 

warded through the low-pass filter 9, tte .series resonance 
circuit 10 tuned to the fundamental frequency and the coup- 
ling capacitance 12 to the bus bar 4 to be filtered. These 
elements together realise change of the amplitude dependent 

15 on the amplitude and the phase shift and therefore the ac- 

tive filtering of the harmonic current components can be 
effective only when the harmonics source 8 generates harmo- 
nic current or voltage having the same amplitude as the one 
measured by the second current transformer '5 after the al- 

20 teration of phase and amplitude described above, but being 
in counterphase. To ensure this is the object of the regu- 
lating system 7 inserted between the second current trans- 
forner 5 and the harmonics source 8. The regulating system 
7 renders it possible, to set the amplitode and phase of 

25 the signals received from the second current transfor^ner 5 
according to a required manner at each frequency to be fli- 
tted. 

A possible embodiment of the regulating systsn 7 is 
shovjn in its circuit arrangement in Figure 6. The input of 

30 the regulating system is a band-pass filter 71 tuned to the 
fundamental frequency as accurately as possible. The output 
of the band-pass filter 71 is connected with a parallel ar- s 
rangement of circuits 72 for controlling amplitude and 
phase. These circuits receive the output signal of the sec- * 

35 ond current transformer 5 and each of them includes a band- 
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-pass filter 721 connected by two output series line to an 
summator amplifier 73 for forwarding the control voltage 
to the harmonics source 8. The first of the afore-mentioned 
series line comprises a 90° phase inverter and an amplitude 
5 regulating unit 723, the second one includes only an ampli- 
tude regulating unit 723. The regulating units 723 in both 
series lines are coupled with the summator amplifier 73 by 
respective outputs 72a and 72b of the circuit 72. 

The regulating system 7 as shown in Fi^re 6 works 
10 in the following way. 

The current component of fundamental frequency con- 
stitutes the main part of current forwarded by the second 

current transformer 5 and this component is removed from 
« 

the input signal of the regulating system 7 at the input by 

15 trie band-pass filter 71. This filtering increases the accu- 
racy of the further signal processing. The input band-pass 
filter 721 of the circuit 71 is tuned to the frequency of a 
preselected harmonic curr&it component and it separates the 
si^l to be regulated from the other signals constitating 

20 noise in the given circuit. The amplitude regulating units 
723 realise amplifying the received signals according to a 
manual regulation or to signals received from the supervis- 
ing system D. The signals amplified in amplitude and tak- 
ing into account the sign of the signal are added together 

25 by the summator arrplif ier generating the control voltage 
required by the regulating system 7. 

Some advantageous embodiments of the amplitude regu- 
lating unit 723 are shown in Figures 7a and 7b. In Figure 
7a the unit for manual regulation is shown. An input signal 

30 723i is forwarded to an end terminal of a potentiometer de- 
noted by 723b directly and to the other end terminal via an 
inverted signal amplifier 723a. From the potentiometer 723b 
an output control signal can be received at an output 723o. 
The output signal can be regulated by the potentiometer ap- 

35 plied denoted by 723b. 
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In Figure 7b an embodiment is presented, wherein the 
control is ensured by an outer control system, e,g. by the 
supervising system 13. The signal of the outer control sys- 
tem is generally a digital systan and for this possibility 
5 the circuit is shorn here. A digital control signal 723v 
generated e.g. by the supervising system 13 is received by 
digital memory means 723c, the output of which controls an 
input of a digital multiplier 723d. This element is a mul- 
tiplier type digital analogue converter, with reference in- 

10 put connected to an input forwarding the input signal 723i. 
The output of the digital multiplier 723d is connected to 
a summing resistor 723e coupled with an output 723o of the 
amplitude regulating unit 723. 

The band-pass filter 71 tuned to the fundamental 

15 frequency of the power system, the band-pass filter 721. and 
the 90 phase inverter are per se well-known circuit parts, 
which can be realised e.g* on the basis of the information 
given in the afore-mentioned book of J. Markus entitled "E- 
lectronic Circuits Manual". The same can be related to the 

20 inverted signal amplifier 723a, which is generally an inte- 
grated circuit of y*jAF 356 type (product of FAIRCHILO). The 
digital memory means 723c is e.g. a TEXAS product, 74LS373 
type, and the digital multiplier 723d an AMALOG DEVICES. el- 
ement of AD7523 type. 

25 A proposed embodiment of the supervising system 13 

is illustrated in Figure 8. This is a feed-back system rea- 
lised with the first current transformer 3, therewith there 
are band-pass filters 13a .are connected in a parallel ar- 
rangement. The band-pass filters 13a are tuned to the fre- 

30 quency values of the tiarmonic current components to be fil- 
tered. The outputs of the band-pass filters 13a are coupled 
with a multichannel analogue-digital converter realised e. 
g.'with an integrated circuit ANALOG DEVICES type AD 7581, 
and thereby with a microprocessor unit 13c for regulating. 

35 Ty\e microprocessor unit 13c connected to the respective am- 
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plitude regulating units 723 requiring signals automatical- 
ly generated for regulating processes the signals forwarded 
by the multichannel analogue-digital converter 13b measur- 
ing thereby the harmonic content of the output currerit of 
5 the nonlinear consumer 6. The harmonic .content determined 
in this way is the basis of regulation given by the micro- 
processor unit 13c ensured as long as the harmonic content 
of the output current reaches to required minimal level. 

The active filter arrangement built up according to 
10 the invention in a circuit arrangement shown in Figure 1 is 
a very effective- solution for filtering the harmonic cur- 
rent components generated by a nonlinear consumer, wherein 
it is possible to follow the frequency changes occuring in 
the power system. 
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CLAIMS: 

1. An active filter arrangement for filtering harmonic 
current components generated by a nonlinear consumer connect- 
ed to a power system, comprising a harmonics source (B) for 
5 injecting current component-s of predetermined frequency into 
a bus bar (4) to be filtered, coupled with a regulating sys- 
tem (7), a supervising system (13), a low-pass filter (9), a 
series resonance circuit (10) tuned to a fundamental frequen- 
cy determined for a power system and a coupling capacitance 
10 (12), characterized in further comprising a first 
current transformer (3) for measuring harmonic components 
of a current filtered and a second current transformer (5) 
for neasuring hararonic components generated by a nonlinear 
consumer (6) to be filtered, the first and second current 
15 . transformers (3, 5) being arranged by their respective pri- 
mary terminals in the bus bar (4) to be filtered, wherein 
the first current transformer (3) is connected to the super- 
vising system (13) and throu^ the latter to the regulating 
system D), the regulating system (7) is coupled over an 
input viith the current signal output of the second current 
transformer (5) and over an output connected to the harmo- 
nics source (8) with the low-pass filter (9) and via the 
latter with a common terminal (11) of the series resonance 
circuit (10) and the coupling capacitance (12), the coupl- 
25 ing capacitance (12) being connected with a section of the 
bus bar (4) to be filtered, the section being arranged 
between the primary terminals of the first and second cur- 
rent transformers (3, 5). 

2. The active filter arrangement according to claim 
30 1, characterized in that the low-pass filter 
(9) comprises a series element including three inductance 
menbers (9a, 9c, 9e), the first of them (9a) being connected 
to an output terminal (8a) of the harnranics source (8), the 
third of them (9e) being connected to the common terminal 
35 (11) of the series resonance circuit (10) and the coupling 
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capacitance (12), the common point of the first and second of 
the inductance merrbers (9a, 9c) is connected to a first ter- 
* minal of a capacitance mentier (9b), the common point of the 

second and third of the inductance merrbers (9c, 9e) is con- 
5 nected to a first terminal of another capacitance merber 
(9d), the capacitance merrbers (9c, 9e) being connected by 
respective another terminals to a line connecting an input 
terminal of the series resonance circuit (10) tuned to the 
fundamental frequency of the power system with a neutral 

10 terminal (Ob) constituting another output terminal of the 
harmonics source (8), wherein the inductance members (9a, 9b, 
9c) are made in form of inductances and the capacitance mem- 
bers C9b, 9d) in form of condensers. 

3. The active filter arrangement according to claim 

15 1, characterized in that the low-pass filter 
(9) comprises a series element including three inductance 
menbers (9a, 9c, 9e), the first of them (9a) being connected 
to an output terminal (Ba) of the harmonics source (8), the 
third of them (9e) being connected to the common terminal 

20 (11) of the series resonance circuit (10) and the coupling 
capacitance (12), the common point of the first and second of 
the inductance merrbers (9a, 9c) is connected to a first ter- 
minal of a capacitance menber (9b), the common point of the 
second and third of the inductance meirbers (9c, 9e) is con- 

25 nected to a first terminal of another capacitance menber 
(9d), the capacitance merrbers (9c, 9e) being connected by 
respective another terminals to a line connecting an input 
terminal of the series resonance circuit (10) tuned to the 
fundamental frecjuency of the power system with a neutral 

30 terminal (8b) constituting another output terminal of the 
harmonics source (8), wherein at least one of the capacitance 
menbers (9b, 9d) is constituted by a series menber of paral- 
lel resonance circuits (99a, 99b, 99c, 99d) tuned to the fre- 
quency values of the filtered current components. 
35 4. The active filter arrangement according to any of 

claims 1 to 3, characterized in that the low- 
-pass filter (9) comprises a series element including three 
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merrtjers (9a, 9c, 9e), the first of them (9a) being connected 
to an output terminal (8a) of the harnonics source (B), the 
third of them (9e) being connected to the coiranon terminal 
(11) of the series resonance circuit (10) and the coupling 
5 capacitance (12), the common point of the first and second of 
the inductance menters (9a, 9c) is connected to a first ter- 
minal of a capacitance menber (9b), the common point of the 
second and third of the inductance menber s (9c, 9e) is con- 
nected to a first terminal of another capacitance nBnber 

10 (9d), the capacitance menbers (9c, 9e) being connected by 
respective another terminals to a line connecting an input 
terminal of the series resonance circuit (10;) tuned to the 
fundamental frequency of the power system with a neutral 
terminal (Bb) constituting another output terminal of the 

15 harmonics source (B), wherein at least one of the inductance 
menber s (9a, 9b, 9c) is constituted by a parallel member of 
serie? resonance circuits (99e, 99f , 99g, 99h) tuned to the 
frequency values of the current components to be filtered. 
5. The active filter arrangement according to any of 

20 claims 1 to 4, characterized in that the harmo- 
nics source (8) consists of a thyrystor inverter (87), a sum- 
mator integrator (81), at least one conparator (82), at least 
two inverted signal amplifiers (83, 84) and at least a first 
and second monostable multivibrators controlled by pulse 

25 edge (85, 86), wherein the output of the summator integrator 
(81) is connected through the comparator (82) to the inverted 
signal amplifiers (83, 84) and to the first monostable multi- 
vibrator (85) controlled by pulse edge, the output of the 
first of the inverted signal airplif iers (83) is connected to 

30 the input of the summator integrator (81), the output of the 
second of the inverted signal amplifiers (84) is coupled to 
the input of the second monostable multivibrator (86) cont- 
rolled by pulse edge, and the outputs of the first and second 
monostable multivibrators (85, 86) are connected with control 

35 terminals (87a, 87b) of the thyrystor inverter (87). 
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6. The active filter arrangement according to any of 
claims lto5, characterized in that the regu- 
lating system (7) comprises a band-pass filter (71) tuned to 
the fundamental frequency of the power system, circuits (72) 

5 for controlling amplitude and phase and a summator amplifier 
(73), wherein the band-pass filter (71) tuned to the funda- 
mental frequency is connected with the input of the circuits 
(72) for controlling amplitude and phase, the circuits (72) 
are connected parallel to one another and their outputs (72a, 
10 72b) are connected to the summator amplifier (73). 

7. The active filter arrangement according to claim 

6, characterized in that each circuit (72) for 
controlling amplitude and phase includes a band-pass filter 
(721), a 90° phase inverter (722) and amplitude regulating 

15 units (723), wherein the output of the band-pass filter (721) 
is connected via the 90° phase inverter (722) and directly to 
the amplitude regulating unit (723). 

8. The active filter arrangement according to claim 

7, characterized in that the input (723i) of 
20 the amplitude regulating unit (723) is connected directly and 

through an inverted signal amplifier (723a) to two end termi- 
nals of a potentiometer (723b) having a middle outlet, where- 
in the middle outlet of the potentiometer (723b) is connected 
to an output (723o) of the amplitude regulating unit (723). 

25 9. The active filter arrangement according to claim 

7, characterized in that the input (723i) of 
the amplitude regulating unit (723) is connected through a 
digital-analogue converter (723d) of multiplier type and a 
resistor (723e) to the output (723o), wherein digital control 

30 means of the digital-analogue converter (723d) is linked with 
a control input (723v) of the amplitude regulating unit (723) 
over digital memory means (723c). 
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